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Abstract 
Micro-scale solid oxide fuel cell is a promising power generation technology for portable devices such as laptop, 
medical devices and personal electronics. One of the key goals in design of ȝ-SOFC systems is to use common 
hydrocarbon fuels such as propane/butane, which requires an additional micro-scale gas-processing unit (GPU) to 
reform the fuel, avoiding the coking on the ȝ-SOFC membranes. However, no integrated micro-fabricated testing 
platform has been reported for evaluating the stability, thermal management and efficiency of GPU devices as far. 
Therefore we present such a GPU testing platform, which features integrated heating function and temperature 
control as well as convenient and reliable fluidic and mechanical interconnects.  
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1. Introduction  
The demand of portable power storage and delivery system has been greatly increased in the past decades 
with the development of portable electronics such as laptop, medical devices and personal electronics. To 
meet such needs, a micro-scale solid oxide fuel cell system ȝ-SOFC) has been developed as an 
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alternative promising power generation technology [1]. As a solid-state device, the μ-SOFC 
electrochemically converts chemical energy into electrical energy, offering high energy density and fuel 
flexibility [2], which can employ common hydrocarbon fuel such as butane/propane with an additional 
gas processing unit (GPU). The GPU aims to reform fuels to the syngas (H2 + CO), avoiding the coking at 
WKHȝ-SOFC membrane [3]. Moreover, it is reported recently that the high yield syngas can be achieved 
through a catalytic partial oxidation (POX) of n-butane in a micro-reactor [4-6]. The POX is an 
exothermic reaction that can be used as start-up energy for the ȝ-SOFC. However, no integrated micro-
scale platform for testing the GPUs and studying such ignition process is available as far. Thus a concept 
of micro-scale GPU testing platform was proposed in this work. The design of GPU carrier with 
integration of fluidic connection, mechanical support and temperature regulation was presented. The 
influence of the GPU carrier fabrication process on its hermeticity and heating capability was investigated 
in details. Finally, the performance of the GPU assembled with its carrier was demonstrated. 
2. The GPU testing platform 
The GPU testing platform system (Fig.1-a) consists of a GPU (Fig.1-a-1), fabricated by an anodic-
bonded Silicon-Pyrex assembly (11 mm x 11 mm) and filled with the rhodium / ceria zirconia catalytic 
materials. A GPU carrier (Fig.1-a-2) composed of a piece of Pyrex (12 mm x 75 mm x 1 mm) and a piece 
of oxidized Silicon (12 mm x 75 mm x 0.4 mm) provided fluidic and mechanical interconnect to the GPU. 
Its cantilever shape allows efficient thermal decoupling between the ³hot´ end at the GPU, and the ³cold´ 
end where could access to conventional fluidic interconnects. Integrating of thick-film self-heating 
thermistor at the back side of the silicon provided the heating ability to the platform. The GPU carrier was 
solder-attached at a ceramic base (Fig.1-a-3) for the electrical interconnects. A printed circuit board (PCB) 
(Fig.1-a-4) connected to the ceramic base via spring contacts for the thermal regulation at the GPU carrier. 
Additionally a calcium silicate SuperwoolTM blanket (Fig.1-a-6) was wrapped around the GPU module as 
thermal insulation and an aluminum mechanical base (Fig.1-a-5) provided the overall mechanical support. 
The platform aimed to heat up the GPU in the range of 400-600°C as well as easily let the GPU access to 
external chemical analytical instruments.    
 
    
Fig. 1. (a). The GPU testing platform (1, the reformer; 2, the reformer carrier; 3, the ceramic base; 4, the Power supply electronics; 5, 
the Mechanical support and heat sink; 6, the thermal insulation), (b) The GPU carrier 
 
    The fluidic connection in the GPU carrier was accomplished by the screen-printed sealing glass 
layer between Pyrex and Silicon pieces. The pattern of the sealing glass thus determined the dimension of 
fluidic channels in the GPU carrier (Fig.1-b). The thermal expansion matched glass frit (Ferro IP 760c) 
was used as sealing glass. The symmetric fluidic pattern defined a split inlet channel at sides and an outlet 
channel at the center (Fig.1-b). With using plasticizers, triethylene glycol (TEG-EH, Sigma-Aldrich) and 
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ethylcellulose (EC-300-48, Sigma-Aldrich), the cracks in the sealing layer could be minimized due to the 
slow and progressive evaporation and burnt-out of the organic vehicle during the sintering. The Silicon 
and Pyrex, each piece with 5 layers of screen-printed sealing glass, were assembled and sintered at 
different peak temperature (675°C, 700°C and 725°C) for varied sintering time (45 min, 90 min and 180 
min) with different amount of weight (80 g and 300 g). The hermeticity of as assembled GPU carrier was 
examined by a dye penetrating method and a leakage test method. The heating capability of the GPU 
carrier was accomplished by the self-heating thermistor tracks (Fig.1-c). Both thick-film platinum 
(Heraeus CL 11-6109) and silver-palladium (DuPont 6146) was fired at the peak temperature of 850°C 
for 10 minutes on the back side of silicon as such heating tracks with a total resistance of 70 ȍ. 
The GPU attached with its carrier was heated in a tube furnace (MTF 12/38/250, Carbolite) for the 
preliminary test. The air (99.9996%, PanGas) / n-butane (99.95%, PanGas) mixture, with a C/O ratio of 
0.8, was fed into the testing module at a volumetric flow rate of 80 ml/min. An online automated gas 
chromatography (GC) (6890 GC, Agilent) was used to measure the composition of the reacted gaseous 
species at steady-state, 90 min heating before the start of the reaction.  
 
                     
   
Fig. 2. (a). Dye penetrating results of the GPU carrier, (b) Leakage results of the GPU carrier, (c) Temperature profile of the GPU 
carrier, (b) n-Butane reforming performance of the GPU attached on its carrier.  
 
3. Hermeticity, heating capability and n-butane conversion of the GPU platform  
The coarse glass frit powder forms lots of open space in the un-fired sealing glass. Only low viscous 
sealing glass can easily flow and fill open space so as to obtain the good sealing. High sintering 
temperature (725°C) can greatly help the flowing ability of glass frit. However, at such temperature 
approach, Pyrex easily deformed or cracked. With large weight (300 g), the pressure applied at the Pyrex 
accelerated the mass flow of glass frit, filling the open space but easily deforming or cracking the Pyrex. 
The narrow width of the sealing glass layer also could improve the mass flow of the glass but enhanced 
the difficulty of having thick channels. It was found that the GPU carrier, with a design of 0.5 mm in 
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width of sealing glass, could achieve high hermeticity following a sintering temperature of 700°C for 180 
min under 80 g weight. No cracks was demonstrated by the penetrated dye in the sealing glass (Fig.2-a). 
No pressure drop was observed in the leakage test that the fluidic channels were applied at 500 mbar of 
air at room temperature for minutes (Fig.2-b). The temperature profile of the GPU testing platform was 
shown that the attached GPU easily reached 350°C while the other end on the GPU carrier was at 110°C 
(Fig.2-c), given at a voltage supply of 22 V. The thermal loss along the GPU carrier indicated the poor 
thermal resistance of silicon, which needed to be improved through replacing low thermally conductive 
materials, better thermal insulation or lower resistance of the heating element.  
The GPU attached onto its carrier was heated in the furnace where the GPU was at 550°C and the 
other end was at about 130-150°C, similar to the result from the GPU testing platform. At 550°C, the test 
module obtained 79% of butane conversion with a 58% of H2 yield and a 47% of CO yield (Fig.2-d). The 
result partly competed with the similar studies in a disk-shaped reactor [7]. The better performance could 
achieve through increasing the reaction temperature, however, which should not be beyond the survive 
temperature of WKHȝ-SOFC membrane (550-600°C). Thus the C/O ratio of the fed gas, the flow rate and 
geometry of the catalytic bed in the GPU have to be optimized in future [5,7].  
4. Summary and outlook 
We have presented a new testing platform for the GPU evaluation. The platform exhibits efficient 
thermal decoupling that allows using the conventional fluidic interconnects and mechanical support for 
the GPU. Additionally, the integration of heating capability into the platform allows us to investigate the 
performance of the GPU locally and study the catalytic ignition process in a very simple way. The current 
platform is able to reach 350°C in minutes. The preliminary test of the GPU with its carriers also shows 
very comparable results with peerV¶. Future work will focus on optimizing the heating capability of the 
GPU carrier and testing the GPU reforming on the platform with its self-heating capability. 
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